This manuscript describes a quick and simple method that facilitates 18S rRNA detection on a northern blot. It relies on the use of an oligonucleotide that specifically hybridizes with the 18S rRNA of a variety of species and shows no cross-hybridization with any mRNA. In contrast to current methods, the method described allows immediate reuse of the membranes for further gene expression studies after detection of the18S rRNA.
Northern blot analysis is a standard method to define and verify differential gene expression in various fields of research. To confirm equal loading, successful transfer of the RNA onto membranes, and for the normalization of signals of particular mRNAs, northern blots have to be rehybridized with a probe specific for a housekeeping gene or the 18S or 28S rRNA. In contrast to housekeeping genes, such as GAPDH or β -actin, the expression of which is often affected by experimental treatment or stage of development (1,2, 4-6,8), cells typically maintain a constant level of rRNA, making rRNA an appropriate endogenous internal control (1, 4, 8) . However, the disadvantage of rRNAs is their high G/C content resulting in a high melting temperature of the cDNA/RNA hybrid. Northern blots commonly can be rehybridized several times, but the cDNA for an rRNA should always be used as the last probe, since it can hardly be stripped from membranes. Therefore, the expression profile of the target gene is not available until the last hybridization is done.
I have designed an oligonucleotide appropriate for northern blot hybridization that can easily be stripped from membranes and specifically hybridizes with the 18S rRNAs of a variety of different species. The 20-mer with the sequence 5 ′ -CGGAACTACGACGGTA -TCTG-3 ′has a relatively low G/C content and shows no cross-hybridization with any mRNA. The present study shows the results of a northern blot that was performed on total RNA isolated from tissue samples of human, rat, mouse, and rabbit origin, according to the procedure of Chomczynski and Sacchi (3). Fifteen micrograms of total RNA were size-fractionated per slot on a 1% agarose gel containing 0.66 M formaldehyde. After capillary transfer to a Hybond ® -N + membrane (Amersham Pharmacia Biotech, Piscataway, NJ, USA) using 10 × SSC (1.5 M NaCl, 0.15 M sodium citrate, pH 7.0) as the transfer buffer, the RNA was fixed to the filter by means of a model 1800 UV Stratalinker ™ (Stratagene, La Jolla, CA, USA). For northern blot analysis, membranes were prehybridized for 30 min at 42°C using an ExpressHyb ™
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Hybridization Solution (BD Biosciences Clontech, Palo Alto, CA, USA). Meanwhile, 10 pmol of the described oligonucleotide were 5 ′ labeled for 10 min at 42°C to a specific activity of 1 to 1.3 ×10 6 cpm/pmol using 70 µ Ci ( γ -32 P)dATP (3000 Ci/mmol), 40 U T4 polynucleotide kinase (Amersham Pharmacia Biotech), and the buffer supplied by the manufacturer. Subsequently, the labeled nucleic acid was purified using CHROMA SPIN™ 10 columns (BD Biosciences Clontech) according to the manufacturer's procedure. Ten percent of the reaction was used for the hybridization procedure that was performed for 1 h at 42°C in the ExpressHyb Hybridization Solution previously used for the prehybridization. Thereafter, the membranes were washed 2-3 times for 10 min at 46°C in an appropriate buffer [2 ×SSC, 0.1% SDS (7)]. To visualize the results, the filters were either exposed to an X-ray film (Eastman Kodak, Rochester, NY, USA) for about 30 min or to a PhosphorImager ™screen (Amersham Pharmacia Biotech) for about 15 min.
As shown in Figure 1 , the oligonucleotide specifically hybridized with 18S rRNA from tissues of human, rat, mouse, and rabbit origin. In some rare cases (results of BLAST search), 28S rRNA or 5.8S rRNA are detected. However, this does not create a problem, since the position of these rRNAs is distinct from the 18S rRNA. Furthermore, 28S rRNA is often also used for normalization (1, 4) . As the sequences of rRNAs are highly conserved in evolution, the oligonucleotide described above might even be used to detect bacterial 16S rRNA. BLAST search results displayed that the oligonucleotide, even as 18-mer (5 ′ -GAACTACGACGGTA -TCTG-3 ′ ), is as specific as the 20-mer and does not cross-hybridize with any mRNA. However, the most important feature of the oligonucleotide(s) is that it can be easily stripped from the membrane by a short washing procedure [i.e., by washing 2-3 times in a washing buffer (0.01 SSC, 0.1% SDS) for 10 min at 68°C. The membranes may then be stored at -20°C or can be reused immediately for further expression studies. Another advantage of this procedure is that target transcripts can be normalized at any time because the 18S rRNA specific oligonucleotide does not necessarily have to be the last probe on a northern blot. Additionally, the whole experimental procedure, beginning from the labeling of the oligonucleotide, is very quick, and results are available within 2-3 h. This is important when the normalization of a result is needed urgently and the northern blot may need to be reused several times.
In summary, the results describe a quick method to detect 18S rRNA on northern blots. The advantage of using the oligonucleotide described is that it works for a variety of species and that it can be easily stripped from membranes allowing their reuse for further gene expression studies. Figure 1 . Northern blot analysis of 18S rRNA. Levels of the 18S rRNA detected in human heart (Hh), in rat heart left ventricle (RhLV), rat heart right ventricle (RhRV), mouse heart (Mh), rabbit skeletal muscle (Rsm), and rabbit spleen (Rsp). Hybridization was performed as described in the text. The positions of the 18S rRNA and the 28S rRNA are indicated.
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